Recent realistic high resolution modeling studies show a net increase of submesoscale activity in fall and winter when the mixed layer depth is at its maximum. This submesoscale activity increase is associated with a reduced deepening of the mixed layer. Both phenomena can be related to the development of mixed layer instabilities, which convert available potential energy into submesoscale eddy kinetic energy and contribute to a fast restratification by slumping the horizontal density gradient in the mixed layer. In the present work, the mixed layer formation and restratification was studied by uniformly cooling a fully turbulent zonal jet in a periodic channel at different resolutions, from eddy resolving (10 km) to submesoscale permitting (2 km). The effect of the submesoscale activity, highlighted by these different horizontal resolutions, was quantified in terms of mixed layer depth, restratification rate and buoyancy fluxes. Contrary to many idealized studies focusing on the restratification phase only, this study addresses a continuous event of mixed layer formation followed by its complete restratification. The robustness of the present results was established by ensemble simulations. The results show that, at higher resolution, when submesoscale starts to be resolved, the mixed layer formed during the surface cooling is significantly shallower and the total restratification almost three times faster. Such differences between coarse and fine resolution models are consistent with the submesoscale upward buoyancy flux, which balances the convection during the formation phase and accelerates the restratification once the surface cooling is stopped. This submesoscale buoyancy flux is active even below the mixed layer. Our simulations show that mesoscale dynamics also cause restratification, but on longer time scales. Finally, the spatial distribution of the mixed layer depth is highly heterogeneous in the presence of submesoscale activity, prompting the question of whether it is possible to parameterize submesoscale effects and their effects on the marine biology as a function of a spatially-averaged mixed layer depth.
Introduction 1
Ubiquity of the submesoscale activity in the ocean surface layer has been revealed by observations showed that MLIs can be active during convective process and even overtake them. It has been also shown 
The numerical model

78
We use the numerical NEMO model (Madec, 2008) , which solves the three-dimensional primitive equa-
79
tions in spherical coordinates discretized on an Arakawa C-grid. Aiming to keep the configuration as simple in geostrophic balance and the jet destabilization is triggered by a very small random density perturbation. To form the mixed layer of the BJET simulation (cf 2.2), the nudging is stopped and a net surface heat contrasting the eddying simulations (blue curves) with the case of a zonal jet without eddies (black curve).
128
Before the onset of the cooling the mixed layer represented in Figure 2 is not an actual mixed layer but 129 simply an arbitrary depth picked up by the density criterion used. 
Description of the ensembles
131
Preliminary experiments have shown that, depending on the starting date of the cooling event, substan-132 tial differences in MLD can be observed. To overcome this variability and to be able to establish robust 133 comparisons between the different experiments, ensemble simulations were performed for each resolution.
134
The shaded area in Figure 2 represents the spread of the MLD obtained from the different realizations of 
Reference simulation
147
To provide a first description of the dynamics of the cooling experiment, we make a detailed presentation 
Scale separation
159
It is useful to separate the mesoscale and large scale from the submesoscale part of the flow field. This with the fact that we switched off the nudging before we started the cooling). This result seems to be in 
Sensitivity to the horizontal resolution
259
The horizontally-averaged MLD for the different resolutions is represented in Figure 11a submesoscale cannot yet be resolved. At 5 km, although an arrest in the deepening of the mixed layer is 265 unclear, a slowing in the rate of deepening is well marked leading to a mixed layer 25 m shallower than at 266 10 km. At 2 km, we can observe the full arrest previously described above and a mixed layer more than 100 267 m shallower than without turbulence.
268
Once the surface cooling has stopped, a clear increase in the restratification rate can also be noticed (Fig-269 ure 11a), being faster with the increased resolution, supporting the importance of submesoscale dynamics The spread of the evolution of the MLD over the ensemble at each resolution (shaded area of Figure 11a 
Sensitivity to initial conditions
298
To confirm that the differences in the MLD among the different resolutions are not linked to the dif-299 ferent initial conditions, three different experiments were designed. Firstly the initial condition for one of 300 the members at 2 km was submitted to the cooling at each grid point independently, using a 1D-vertical 
Discussions and Conclusion
312
In this paper, the competition between convective mixing due to surface cooling and the three-dimensional 313 dynamics of the mixed layer was studied in an idealized baroclinic jet. Unlike idealized studies such as 
Appendix
397
The initial density field is constructed as follows: a dense and a light profile ρ N (z) and ρ S (z) are defined 398 that are made of 4 components: (1) a small depth-independent background stratification that applies equally 399 to the northern and southern profiles and guarantees static stability; (2) an exponential density profile, 400 which enhances near-surface stratification equally in the North and South; (3) a distorted hyperbolic tangent 401 density profile to produce the interior meridional density gradient but with no contribution to the surface 402 meridional density gradient (equal contribution to the northern and southern surface profiles); this function 403 also provides a stratification asymmetry between the lower and upper thermocline; (4) a hyperbolic tangent 404 density profile for the southern profile only that has its inflection point close to the surface and is the only 405 responsible for surface meridional density gradients.
406
The water within 200 km from the northern (resp. southern) boundary is homogeneous and has its 407 density equal to the dense (resp., light) profile. In the center of the channel, density goes smoothly from 408 light to dense over a length scale L jet = 1600 km with the frontal zone being concentrated in a ∼ 1000 km 409 wide central region.
where, 
